The dose dependent responses to atropine of 11 indices of autonomic function were investigated in 10 healthy volunteers. Five subjects were given cumulative doses of atropine (0-1-2-0 mg/70 g, intravenously). The According to the above indices, the nervous control of the heart in patients with diabetic autonomic neuropathy is reduced.'01' However, the magnitude of abnormalities from the two branches of the autonomic system that can be measured in each test is not known.
received equivalent volumes of water for injection. The ratio of the longest to the shortest R-R intervals in the electrocardiogram during forced expirations and deep inspirations (respiratory ratio), deviations in the periods of consecutive cardiac cycles, the ratio of the longest to the shortest R-R intervals during a Valsalva manoeuvre (Valsalva ratio), the ratio of the 30th to the 15th R-R intervals after standing up from a low sitting position (30:15 ratio), and the means of R-R intervals recorded in standing or lying positions were calculated with different computer algorithms. Sympathetic orthostatic effects on the above indices were measured by comparing values in supine and standing positions after atropinisation. The recumbent respiratory ratio was the most sensitive test to atropinisation. Its maximum response was a 97% decrease, indicating specificity for the vagal tone. The decrease in other indices in response to atropine ranged from 34% to 94%. The average orthostatic effect on the indices after atropinisation was a 14-6% increase. The Valsalva ratio failed to respond significantly to any degree of muscarinic antagonism. In conclusion, the Valsalva ratio is unlikely to be closely related to the parasympathetic control of the heart. However, the resting vagal tone can be selectively measured in a live and conscious person by using the respiratory ratio. of the beat to beat differences between R-R intervals in supine and standing positions.
(3) Ratios of R-R intervals during special manoeuvres were calculated: (a) Valsalva ratio, the ratio ofthe longest to the shortest R-R intervals during a Valsalva manoeuvre lasting for 15 s; (b) the 30:15 ratio, the ratio ofthe 30th to the 15th R-R intervals immediately after standing up from a low sitting position; and (c) the respiratory ratio, the ratio of the longest to the shortest R-R intervals during three cycles of forced expirations and deep inspirations. Each cycle lasted for 10 s, and was recorded in supine and standing positions.
Drug treatment
Five subjects chosen at random were given atropine sulphate (Central African Pharmaceutical Society, Harare, Zimbabwe) intravenously in seven separate doses of 0 1, 0 1, 0-2, 0-2,0 4,0-5 and 0 5 mg per 70 kg. These doses were achieved by diluting 0-6 mg atropine in standard ampoules so that 0-1 ml was equivalent to 0 1 mg of atropine. A tuberculin 1 ml syringe was then used to administer the drug. The other five subjects were given equivalent volumes of water for injection. All the tests above were done starting five minutes after each intravenous injection. This was enough time lag for the heart rate to stabilise after injections. The injections built up cumulative doses of atropine starting from 0-1, then 0-2, 04, 0-6, 1 0, 1-5, and 2-0 mg per 70 kg in each subject. The 
Results

Ratios of R-R intervals during special manoeuvres
Respiratory ratio recorded in the supine position (RRL) was the most sensitive test in the whole study. The range was between 1-16 and 1 66 (mean 1-37 (SE 0 05)) during the resting period (all volunteers). RRL was between 1 01 and 1-02 (1-012 (0 002), after atropinisation (n = 5). This was a 97% decrease in response to atropine (figure 1). Coefficients ofvariation were between 2% and 5% (3-0% (0-5%)), in control subjects (n = 5). There was no increase in RRL above the initial value in response to low doses of atropine (figure 1). Recordings made in standing positions (RRS) were between 1 19 and 1 70 (1-35 (0.05) ) during the resting period. RRS was between 1 04 and 1-05 (1 048 (0 002)) after atropinisation. This was an 88% decrease in response to atropine (figure 1). The 9% difference between the maximum decrease in RRL and RRS was significant (p < 0-001).
Coefficients of variation of RRS were between 2% and 5% (3A4% (0-6%)). There was no increase in RRS in response to low doses of atropine ( figure 1) .
The values ofthe 30 to 15 ratio were between 1 11 and 128 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (0 02)) during the resting period. They were between 1-04 and 1-05 (1 045 (0-003)) after atropinisation. This was a 78% drop in response to atropine (figure 1).
Coefficients of variation in the control subjects were between 2% and 8% (4-3% (1-0%)). There was a significant 64% initial increase (p < 0-01) in response to a very low dose of atropine (figure 1).
The Valsalva ratios were between 1-38 and 2-33 (1 82 (0 08)) during the resting period. They were between 1 01 and 1'68 (1-41 (0.12)) after atropinisation. All changes were not significant (figure 1). Coefficients of variation were between 4% and 9% (6-2% (1-3%)).
Deviations of consecutive R-R intervals
The mean of absolute values of the beat to beat variations (BV) recorded in the supine position (BVL) was the most sensitive test in this category. The range of BVL was between 15 and 63 ms (37-9 (5 1) ms) during the resting period. It was between 2 and 3 ms (2 6 (0 2) ms) after atropinisation. This was a 94% decrease in response to atropine (figure 2). Coefficients of variation were between 10% and 19% (13-5% (1-7%)). If recorded in a standing position (BVS) the values were between 6 and 18 ms (12 3 (1-2) ms) during the resting period. BVS was between 2 and 4 ms (3 0 (0 3) ms) after atropinisation. This was a 77% drop in responsetoatropine (figure 2). The 17% difference between the maximum drop in BVL and BVS was significant (p < 0-001). Coefficients of variation of BVS were between 8% and 12% (10-3% (1-0%)).
The SD of R-R intervals recorded in supine positions (L-SD) was between 28 and 62 ms (47 5 (3 7) ms) during the resting period. L-SD was between 2 and 7 ms (4-8 (10) ms) after atropinisation. It decreased by 90% in response to atropine (figure 2). Coefficients of variation were between 9% and 20% (14-7% (2 8%)). The initial increase of L-SD above the starting value in response to a very low dose of atropine was not significant ( figure 2) . If recorded in a standing position (S-SD) it was between 19 and 39 ms (3017 (2-3) ms) during the resting period. S-SD was between 4 and 13 (8-2 (1 7)) after atropinisation. It decreased by 75% (figure 2) in response to atropine. The 15% difference between the maximum decrease in L-SD and S-SD was significant (p < 0-05). Coefficients of variation of S-SD were between 11% and 29% (18-4% (3-2%)). There was a significant 37% increase in S-SD (p < 0 001) Effects of atropine on autonomic indices based on electrocardiographic R-R intervals in healthy volunteers (1-38 (0.05) ) during the resting period. They were between 1 00 and 1-30 (1-15 (0-06)) after atropinisation. The ratios decreased by 60% in response to atropine (figure 3). Coefficients ofvariation were between 3% and 5% during the experiment (3-9% (0-5%)). The apparent initial increase of LS-ratio was not significant (figure 3).
Discussion
A clinical index that is closely linked with the parasympathetic control of the heart will respond proportionally to muscarinic antagonism. Graded The technique of choice for measuring the parasympathetic control of the heart would be by quantifying the variations in the periods of cardiac cycles as opposed to the average of the periods (see maximum responses to atropine in figures 1-3). Algorithms and manoeuvres can be optimised for measuring specific variations of the heart periods. SD measures the total variation (constant, slow, or fast) in a time space equal to the duration of data collection. It was 3 minutes or more in this study, depending on the heart rate. This is inbuilt in the statistical algorithm. BVL and BVS measure the fast variation that causes detectable differences between immediate consecutive heart periods.'2 This variation is caused by the action of arterial baroreceptors on the sinoatrial node during the brief ejection period of each cardiac cycle.'9 RRL and RRS measure the maximum variation of heart period synchronised with deep inspirations and forced expirations. This 
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Effects ofatropine on autonomic indices based on electrocardiographic R-R intervals in healthy volunteers Mean R-R standing ism produced by atropine. It also failed to significantly respond to the muscarinic antagonism of chloroquine in healthy volunteers.'2 The Valsalva ratio is unlikely to be closely related to the parasympathetic control of the heart. This needs to be remembered because the Valsalva ratio is a popular test in diabetology.5 112' In conclusion, RRL was a specific test for the vagal tone on the heart. It could be useful for selective measurement ofvagal tone in humans. The degree of parasympathetic regulation measured by other tests was variable and lower. The Valsalva ratio was probably not closely related to the parasympathetic control of the heart, and caution should be taken when interpreting this index in diabetology. 
